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Abstract. To reduce the import of soy oil cake, which requires a significant financial effort, it 
is necessary to research opportunities for its partial replacement in broilers feeding with native protein 
sources, respectively sunflower oil cake, in the context of using small amounts of synthetic aminoacids 
or fish meal. The researches were conducted using groups’ method. There were organized four groups 
(lots). The first lot -L1 (M)- was considered the control lot; in this lot it has been used only soy oil 
cake as protein fodder. On other lots, some soy oil cake was replaced with sunflower oil cake in 
different proportions or sunflower oil cake and fishmeal, and to ensure the biological value of the 
protein it has been used different proportions of synthetic aminoacids (lysine and methionine). Placing 
sunflower oil cake in the structure of mixed fodder in a proportion of 12%, even if it leads to lower 
final weight and increasing specific consumption, because it is an indigenous raw material it is cheap 
and makes the costs of feeding for 1kg weight gain lower than for mixed fodder containing only 
structural soy oil cake protein as forage. Sunflower oil cake proved more efficient from the economic 
point of view then the mixed fodder was only used soy oil cake. 
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In the last years, researchers are concerned with finding new nutritional solutions 
regard poultry feeding, solutions that allow achieving high production performance with 
minimized cost and effort. 
Although it is considered a strategic fodder raw material, in many countries in Europe 
and Asia, soybean oil cake is imported, fact, which requires finding alternative vegetable 
protein sources. This phenomenon is also true for our country, which covers about 30% of the 
needs from indigenous production (Burciu D., 2001). In this context it is necessary to 
determine the optimal proportion of sunflower oil cake in the structure of mixed fodder for 
broilers, and how to improve the biological value of protein by using synthetic aminoacids 
and/or fish flour. 
 
MATERIALS AND METHODS 
 
The biological material was represented by the "Ross 308” broiler hybrid. The 
experiments were performed on four lots of broilers by 40 head/lot. It was selected one 
control group and the other lots were considered experimental groups: 
- in the control lot L1 (M) it was used only oil cake of soy as protein fodder; 
- in L2 lot, besides soy oil cake there were introduced in fodder sunflower oil cake at a 
rate of 7% (% by weight of mixed fodder) and synthetic aminoacids (lysine and methionine); 
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- in L3 lot , in addition to soy oil cake there was used in fodder sunflower oil cake at a 
rate of 12% (% by weight of mixed fodder) and synthetic aminoacids (lysine and methionine); 
- in L4 lot, besides soy oil cake, there were introduced in fodder sunflower oil cake at 
a rate of 7%, fish meal 2% and synthetic aminoacids (lysine and methionine). 
 
RESULTS AND DISCUSSION 
 
During the experience, the dynamics of body mass of broilers was influenced by the 
source of protein in the structure of mixed fodder. Thus, the highest body weight was 
recorded in lot 1 (M), followed in decreasing order by broilers in lot 4 where soy oil cake was 
partially substituted with sunflower oil cakes + fish meal, then those in lot 2, and finally, with 
lowest values, lot 3 broilers in which the soy oil cakes were partially substituted with 
sunflower oil cake which represented 12% (weight percentage of mixed fodder) (Tab. 1). 
 
Tab. 1 
Medium values and variability of body mass (g) of broilers during experimental period 
 
Age Experimental lot n xsx ±
 
s v % d Signifi-
cation 
L 1(M) 40 38,42+0,15 3,78 2,73 - - 
L 2 40 38,60 + 0,16 2,82 2,91 0,18 NS 
L 3 40 38,96 + 0,19 3,52 3,47 0,54 NS Hatching 
L 4 40 38,34 + 0,14 3,02 2,56 0,08 NS 
L 1(M) 40 158,12+0,52 14,89 2,28 - - 
L 2 40 153,97+0,48 15,24 2,12 4,15 *** 
L 3 39 152,10+0,76 15,19 3,50 6, 02 *** 7 days 
L 4 40 154,50+0,75 15,97 3,45 6,62 ** 
L 1(M) 39 405,20+1,93 38,76 13,30 - - 
L 2 40 390,72+1,46 35,46 13,68 14,48 *** 
L 3 39 384,79+1,74 38,18 13,15 20,41 *** 14 days 
L 4 40 393,06+1,10 32,97 11,96 12,14 *** 
L 1(M) 39 752,08+9,37 53,94 18,63 - - 
L 2 40 721,06+10,65 49,65 18,13 31,02 NS 
L 3 39 705,41+10,24 51,34 16,40 46,67 ** 21 days 
L 4 40 738,97+11,82 52,16 15,20 13,11 NS 
L 1(M) 39 1230,20+11,34 97,61 16,39 - - 
L 2 40 1212,23+10,78 90,98 16,10 17,97 NS 
L 3 39 1171,04+12,48 103,61 17,38 59,16 *** 28 days 
L 4 40 1223,97+10,45 103,58 15,97 6,23 NS 
L 1(M) 39 1702,50+24,22 125,18 19,85 - - 
L 2 40 1634,46+20,70 132,35 18,68 68,04 NS 
L 3 39 1550,20+29,36 135,64 23,12 152,30 *** 35 days 
L 4 40 1677,95+26,32 141,10 20,98 24,55 NS 
L 1(M) 39 2387,70+38,88 143,15 21,28 - - 
L 2 39 2275,95+32,49 156,03 19,78 111,75 NS         
L 3 38 2202,50+35,38 150,28 21,13 185,20 *** 42 days 
L 4 39 2350,40+40,67 149,79 22,11 37,30 NS 
NS - not significant, *significant (p<0.05), **distinctly significant (p<0.01), 
***very significant (p< 0.001) 
 
At the age of 7 days, compared to broilers in lot 1 (M), in which soy oil cakes was 
used as protein fodder, average body weight was significantly lower in broilers in lots 2, 3 
(p<0.001) and 4 (p<0.01), where soy oil cake was partially substituted by sunflower oil cake 
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(7-12% by weight of mixed fodder) and sunflower oil cake + fish meal (7% to 2% by weight 
of mixed fodder), even if the biological value of protein, lysine and methionine, was equal in 
all lots. We believe that these differences between body weights from the 4 lots are 
determined by increasing the proportion of cellulose in fodder that comes with the 
introduction and increasing the share of sunflower oil cake in the structure of mixed fodder, 
leading to decreased digestibility and forage consumption default. 
At age of 14 days, the weights report remained the same as that established the age of 
7 days, between broilers of lot 1 (M) and those in groups 2, 3 and 4, except that differences 
were very significant (p<0.001) in all cases. At the end of the starter period (1-21 days), the 
largest weight was recorded by broilers in lot 1 (M) with an average of 752.08 g/head, 
followed, in decreasing order, by lot 4 with an average weight of 738.97 g/head (p>0.05), then 
those in group 2 with an average weight of 721.06 g/head (p>0.05) and those in group 3, with 
the highest proportion of sunflower oil cake (12%) with an average weight of 705.41 g/head 
(p<0.01). Except for the weight difference recorded from broilers in lot 1 (M) and those in lot 
3 which was statistically provided (p<0.01), differences recorded among other lots, at the end 
of starter period were not provided in statistically terms (p>0.05) (Tab. 2). 
 
Tab. 2 
Significance of body weight differences in broilers 
 
Hatching 7 days 14 days 21 days Comparing lots d Signif. d Signif. d Signif. d Signif. 
L1(M) – L2 +0,18 NS -4,15 *** -14,48 *** -31,02 NS 
L1(M) – L3 +0,54 NS -6,02 *** -20,41 *** -46,67 ** 
L1(M) – L4 -0,08 NS -3,62 ** -12,14 *** -13,11 NS 
L2 – L3 +0,36 NS -1,87 NS -5,93 ** -15,65 NS 
L2 – L4 -0,26 NS +0,53 NS +2,34 NS +17,91 NS 
L3 – L4 -0,62 NS +2,40 NS +8,27 *** +33,56 NS 
 28 days 35 days 42 days   
Comparing lots d Signif. d Signif. d Signif.   
L1(M) – L2 -17,97 NS - 68,04 NS -111,75 NS   
L1(M) – L3 -59,16 *** -152,30 *** -185,20 ***   
L1(M) – L4 -6,23 NS -24,55 NS -37,30 NS   
L2 – L3 -41,19 NS -84,26 NS -73,45 NS   
L2 – L4 +11,71 NS +43,05 NS +74,45 NS   
L3 – L4 +52,93 ** +127,75 ***     
NS - not significant, *significant (p<0.05), **distinctly significant (p<0.01),  
***very significant (p<0.001). 
 
 
Further dynamic weight of broilers from experimental lots is dependent on the same 
factor–ensuring the protein source in fodder. At 4 weeks values were 1230.2 g/head in 
broilers in lot 1(M) and 1212.23 g/head, 1171.04 g and 1223.97g in lots 2, 3 and 4 (Fig. 1).  
At the age of 35 days, respectively at the end of growth, lots hierarchy remained 
unchanged, so comparing to broilers in lot 1 (M), which recorded an average weight of 1702.5 
g/head, broilers of other groups were less heavy by: 24.55 g/head in lot 4, 68.04 g/head in lot 




































































































1 day 7 days 14 days 21 days 28 days 35 days 42 days
Lot 1(M) Lot 2 Lot 3 Lot 4
 
 
Fig.1. Dynamics of average body weight of experimental broilers 
 
 
At the end of the experimental period, respectively, at 42 days, the highest body 
weight (2387.7 g/head) was recorded for broilers of lot 1 (M) for which the only soy oil cake 
was used as fodder protein, followed in decreasing order by broilers from lot 4 (2350.40 
g/head), where the soy oil cake was partially substituted with sunflower oil cake (7%) and 
fishmeal (2%-% by weight of mixed fodder), then those in lot 2 (2275.95 g/head) and finally 
those in lot 3 (2202.5 g/head), in which soy oil cake was partially substituted with sunflower 
oil cake representing 7% and 12% by weight mixed fodder. 
Lower live weight of broilers in experimental lots at the end of the experimental 
period, with 4,68–7,76% compared to the broilers in lot 1 (M) is due to increased fiber in the 
diet from 20,7 to 41.4% with sunflower oil cake at a rate of 7-12% in the structure of mixed 
fodder. Therefore, it decreased the digestibility of nutrients, especially nitrogen ones and, in 
parallel, to the decrease of food intake, which resulted in lower bioproductive performance in 
broilers (Halga P. et al., 1972).  
Dynamics of feed consumption calculated weekly, daily and by growth phase has an 
upward trend until the end of the experiment, and it’s being consistent with the body weight 
achieved. In the first week, the largest food consumption was recorded in broilers from lot 1 
(M), in which, in the structure of mixed fodder it was used soy oil cake as protein fodder.  
Partial substitution of soy oil cake with sunflower oil cake in lots 2 and 3 (7% and 
12% by weight) or with sunflower oil cake (7%) and fishmeal (2%) in group 4, led to a 
decreased food consumption compared with group 1 (M), with 2.2%, 4.4% and 1.5% (Table 
3). This decrease in food consumption is due to the increasing proportion of cell walls with 
the inclusion of sunflower oil cakes in fodder, and leads to a decreased digestibility and 








Evolution of average fodder consumption 
  









1-7 days 135 19,29 132 18,86 129 18,43 133 19,00 
8-14 days 331 47,28 323 46,14 318 45,43 331 47,28 
15-21 days 578 82,57 565 80,71 544 77,71 575 82,14 
1044 49,71 1020 48,57 991 47,19 1039 49,47 Phase I (starter)        
1-21 days 100,00 100,00 97,70 97,70 94,92 94,92 99,52 99,52 
22-28 days 828 118,28 833 119,0 820 117,14 830 118,57 
29-35 days 1026 146,57 989 141,29 968 138,29 1015 145,00 
1854 132,43 1822 130,14 1788 127,71 1845 131,78 Phase II (growing)   
 22-35 days 100,00 100,00 98,27 98,27 96,44 96,44 99,51 99,51 
1190 170,00 1146 163,71 1127 161,00 1177 168,14 Phase III 
(finishing) 
36-42 days 100,00 100,00 96,3 96,3 94,7 94,7 98,9 98,9 
4088 97,33 3988 94,95 3906 93,00 4061 96,69 Average/ whole 
period 1-42 days 100,00 100,00 97,55 97,55 95,55 95,55 99,33 99,33 
 
 
These issues were raised in the other weeks of experiment and even in the specific 
phases of the experimental period, noting that as older broilers got, the differences between 





















































1-21 days 22-35 days 36-42 days 1-42 days
Lot 1 (M) Lot 2 Lot 3 Lot 4
 
 
Fig. 2. Average daily consumption of fodder (g/head/day) 
 
Reported to the whole experimental period (1-42 days), total fodder consumption was 
4088 g/head for broilers of lot 1 (M), 3988 g/head for those in lot 2, 3906 g/head for those of 
lot 3 and 4061g/head for those in lot 4 (Fig. 3). Thus, partial substitution of soy oil cake with 
sunflower oil cake in lots 2 and 3 (7 and 12% by weight) or sunflower oil cake (7%) and 
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fishmeal (2%) in lot 4 resulted in lower overall consumption and lower average daily food 














Lot 1(M) Lot 2 Lot 3 Lot 4
Lot 1(M) Lot 2 Lot 3 Lot 4
 
 
Fig. 3. Cumulated consumption of mixed fodder during experimental period 
 
 
European efficiency factor (EEF) allows comparison of performance of time 
distributions (year, season), spatial distributions (farms) or different biological distributions 
(series hybrid). High EEF values denote the best technological and nutritional performances. 
From the analysis of calculated values for EEF (Tab. 4) it appears that the highest 
value was recorded for broilers in lot 1 (M) in whom food was used only soy oil cake as 
protein fodder. This fact is mainly due to the higher live weight at the end of the experimental 
period (2.387 kg / head) but also better awareness of food recovery (1.74 kg fodder/kg gain). 
 
Tab. 4 
European efficiency factor (EEF) 
 
EEF 
Lot Age   (days) 
Average body 
weight (kg) Viability (%) 
C.I. (kg fodder/ kg 
weight gain) Abs. Relative 
L 1 (M) 42 2,387 97,50 1,740 318,46 100,00 
L 2 42 2,275 97,50 1,782 296,37 93,06 
L 3 42 2,202 95,00 1,805 275,94 86,65 
L 4 42 2,350 97,50 1,756 310,68 97,56 
 
 
Compared with broilers of lot 1 (M), the European efficiency factor was lower by 
6.94% lot L2, by 13.35% in lot L3 and, respectively, by 2.44% for broilers in lot L4.  
It is noteworthy that European efficiency factor (EEF) recorded in broilers in lot L4 is 
relatively close to those recorded by broilers from lot 1 (M) (Fig. 4), through the use of 
fishmeal in the structure of mixed fodder which substantially improved production 
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Sunflower oil cakes, by high crude fiber content and lower biological value of the 
protein, lead to inferior bioproductive results in the growth of broilers, especially when used 
in large amounts (12%). 
Introducing sunflower oil cake at a rate of 7% in the structure of mixed fodder with 
fish meal - 2%, leads to obtaining bioproductive results similar to those provided by fodder 
that has only soy oil cake as fodder protein. 
 Based on the results, we recommend partial displace of soy oil cake in the feeding of 
broilers, which generally come from import and are expensive, with sunflower oil cake at a 
rate of up to 12% (% by weight), and for higher proportions it is necessary to use specific 
enzyme products. (Raj et al. 1998; Swain et al. 1996; Cowan et al. 1999; Kocher et al. 2000; 
Mushtaq et al. 2006; Aftab et al. 2009 and Shahid R. et al. 2009). 
EEF highest value was registered for the broilers fed only with soy oil cake as protein 
fodder, determined, in general, by higher live weight at the end of the experimental period, 
but, also, very good degree of recovery of the food. 
EEF value decreased by 6.94% when sunflower oil cakes were introduced in the 
structure of mixed fodder at the rate of 7%, by 13.35% when sunflower oil cakes represented 
12% of food structure and only by 2.44% when in addition to sunflower oil cake, fish meal 
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